Introduction
Sedum aizoon is an endemic plant widespread in oriental countries, known as "Tu San-Qi" in China with light green leaves on thick stems and a yellow flower blooming in the summer (Wang et al., 2015) . Its root and the whole plant have traditionally been used as Chinese medicine to cure pain or traumatic, various hemorrhage, and palpitation (Li et al., 2011) . Furthermore, it is also an edible plant common to Chinese owing to its biological activities in reducing hematic fat and blood pressure (Wang et al., and kaempferol, were isolated from S. aizoon. More recently, other new flavonoids and flavonoid glucosides have also been reported (Wang et al., 2015; Li et al., 2011) . However, the extraction of flavonoids from S. aizoon and its antioxidant activity have seldom been investigated. Apart from this, very little is known about the flavonoids profile of S. aizoon, and whether the reported bioactivities are linked to the flavonoid components. Thus, there is a great need to develop simple and efficient methods for extracting flavonoids from S. aizoon for evaluating its potential health benefits and added values.
The traditional methods for the extraction of flavonoids, such as percolation, heating, and soxhlet extraction method, usually require long extraction time and consume large amounts of solvents. Furthermore, conventional techniques may result in a loss of flavonoids due to hydrolysis, ionisation and oxidation during extraction process (Li et al., 2005; Gao et al., 2006) . Microwaveassisted extraction (MAE) is an alternative and advanced method used in flavonoids extraction, owing to its special heating mechanism, less solvent, shorter time, and better extraction efficiency under atmospheric conditions (Winny, 2012; Lu et al., 2013) . In MAE, the microwave irradiation causes heating through dipolar rotation and ionic conduction, which would lead to the improvement of extraction efficiency (Beatrice and Philippe, 2002; Kubrakova and Toropchenova, 2008; Lu et al., 2013) . On the other hand, microwave irradiation can penetrate plant matrix and result in a pressure increase inside plant cells. The increased pressure could help both break of cell walls and release of phytomolecules, and therefore would significantly reduce the extraction time and save the energy consumption during extraction process (Wu et al., 2012; Winny, 2012; Lu et al., 2013) .
To the best of our knowledge, there is no report in the literature on applying MAE for the extraction of flavonoids and other bioactive components from S. aizoon. In this work, the feasibility of employing MAE as an efficient method to extraction of flavonoids from leaves of S. aizoon was investigated. The MAE extraction parameters were optimized using the single factor experimental design and response surface methodology (RSM) to obtain a highest product yield (Sharma et al., 2009; Lu et al., 2013) . In addition, antioxidant properties of the extracts obtained from MAE were evaluated by 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical-scavenging assay to determine its potential utilization as functional natural products for food ingredients.
Materials and Methods

Materials and reagents
The fresh leaves of S. aizoon were collected in Qingyang County, Anhui Province, China. The leaves were dried in an oven at 50℃ to constant weight, and then ground into a fine powder (40 _ 60 mesh) using the disintegrator.
Methanol and formic acid were HPLC grade and purchased from (0) 80 (0) 20 (0) 25 . 59
where Y was the response; x i and x j were the coded values of independent variables; a 0 was a constant term; a i , a ii and a ij represented the regression coefficients for linear, quadratic and interaction terms, respectively.
The response (flavonoids yield) obtained from each set of experimental design (Table 1) 
Determination of antioxidant activity
The free radicalscavenging activity of the flavonoids extract was determined according to the method as described elsewhere with some modifications (Xie et al., 2010) . Aliquots (0.5 mL) of the sample solution (0.01 _ 0.06 mg/mL) were mixed with 3 mL of a freshly prepared DPPH methanol solution (0.1 mM). The mixture was shaken fiercely and then kept in the dark for 30 min at room temperature. The decrease in absorbance of the mixture was measured at 517 nm with a spectrophotometer (UNIC7200).
Ethanol solution was set as the blank group, ascorbic acid and BHT composition were as the positive group. extraction time of 20 min, and extraction temperature of 60℃. In the MAE trials, the yields of flavonoids were found to increase with the increase of solvent to solid ratio and then fall down at the high ratios Fig. 1c . As reported previously, more flavonoids can permeate into the solvent as more solvent can enter plant cells under the higher ratio of solvent to material condition (Shan et al., 2012;  ). However, a higher solvent to solid ratio was not efficiency for heat/mass transfer and microwave irradiation, and would probably result in decreased extraction efficiency (Mandal et al., 2007; Wang and Weller, 2006) . In Fig.1c , the yield of flavonoids reached maximum (20.01 ± 0.3 mg/g) with the solvent to solid ratio at a value of 20 mL/g. So the solvent to material ratio of 20 mL/g was selected most suitable for the extraction of total flavonoids.
Effect of ethanol concentration on the extracting yield Solvent
is one of the most important factors in MAE process, because microwave irradiation and the solubility of the analytes are significantly influenced the solvent properties (Winny, 2012) .
Methanol and ethanol are the most frequently used solvents in flavonoids extraction. Given the extraction efficiency and safety, ethanol-water solution (50 _ 100%, v/v) was selected as the extraction solvent. As shown in Fig. 1d , the yield of flavonoids had a significant improvement when the ethanol concentration increased from 50% to 80%. However, the flavonoids yield decreased with the further increasement of ethanol concentration (Fig. 1d) . These results suggest that the variation in the concentration of ethanol could affect the flavonoids extraction efficiency. Similar phenomenon has also been observed in flavonoids extraction from other plant matrix by MAE, which demonstrated that solvent polarity can be used to regulate the extraction efficiency (Chen et al., 2012; Li et al., 2013; Ying et al., 2011; Wang et al., 2008; Xie et al., 2010) . Based on the results of 
Optimization of MAE conditions by RSM
The optimization of As shown in The F-test and p-value were used to determine the statistical meaning and the significance of each coefficient and results were shown in Table 2 . The p-values of less than 0.05 were considered to be statistically significant, and the corresponding variables would be more significant if the p-value becomes smaller and the absolute F-value becomes greater (Muralidhar et al., 2001; Kwon et al., 2003) . The analysis of variance (ANOVA) of the regression model revealed that the model was statistically strongly significant with a small p value (0.0013) and a high F-test value (24.37), which suggested that the model is adequate for predicting the flavonoids yield. As shown in Table 2 , the variables have significant effect on the flavonoids yield were the quadratic terms (X 2 × X 2 and X 3 × X 3 ) and the interaction between X 1 and X 3 (p < 0.05). Furthermore, the determinant coefficient (R 2 ) close to 1 (0.9777) and the R adj 2 (0.9376) close to R 2 in Table 2 indicated that the polynomial model had a good fit to the prediction and reliability for the flavonoids extraction (Haddadi-Guemghar et al., 2014; Ranic et al., 2014) .
Three-dimensional response surfaces were plotted to understand the interactions between independent and dependent variables and to determine the optimum MAE conditions for flavonoids extraction. As shown in Fig. 2a-c Table 3 . The antioxidant activity of flavonoids sample solution increased from 24.91 ± 0.01% to 70.28 ± 0.01% with the sample concentration ranged from 0.1 to 0.7 mg/mL. The DPPH free radical-scavenging of flavonoids extract was less than that of ascorbic acid. However, the antioxidant activity of flavonoid samples at 0.7 mg/mL (70.28 ± 0.01%) was higher than that of BHT (60.38 ± 0.01%) as shown in Table 3 . Notably, the DPPH radical-scavenging IC50 value of flavonoid sample was 0.315 mg/ mL and smaller than that of BHT, which was a synthetic antioxidant with an IC50 value of 0.541 mg/mL. Till now, little 
